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“ THE BEGINNING”

Tom Anthony

Don Scott

OPERATOR TRAINING IN MISSISSIPPI

The Mississippi Department of Environmental Quality (MDEQ) has a proud history of providing effective training
opportunities for operators of wastewater treatment facilities. The agency’s training legacy began in 1969 when the
newly created Mississippi Air and Water Pollution Control Commission started the State’s first training program
solely for wastewater personnel. Prior to the implementation of this program, virtually the only training available to
wastewater operators was an annual week-long shortcourse held at Mississippi State University (MSU) in which
combined classes were conducted for both water and wastewater personnel. Instruction for these combined classes
were usually provided by the Mississippi State Department of Health and the Civil Engineering Department of MSU.

The initial program was funded with Federal money made available from the U.S. Department of the Interior and
was highlighted by the hiring of Don Scott and Tom Anthony as full-time training instructors. The program was
basically a six (6) month course which consisted of both classroom instruction and on-the-job training. Classroom
sessions were scheduled at community colleges with Mr. Scott, Mr. Anthony, and college staff members providing
the instruction. As a general rule, training in the northern areas of the State was conducted by Mr. Scott with Mr.
Anthony doing the same in the southern areas.

In the early 1970’s, the agency began using funds allocated by the State of Mississippi to provide training; and the
program, as it exists today, really began to develop. Through the efforts of Mr. Scott and Mr. Anthony, a series of
workshops covering a variety of topics were scheduled at various locations around the State. This coincided with the



annual shortcourse at MSU being separated into two (2) separate courses for water and wastewater personnel. For
the first time in Mississippi, a formal training program was designed and made available specifically for operators of
wastewater treatment facilities. Training topics included math, hydraulics, biological treatment, and laboratory
procedures. Instruction was largely provided by agency personnel and supplemented by volunteer instructors. Later,
the curriculum was expanded to provide more comprehensive coverage of wastewater-related topics; and in the early
1980’s, the annual MSU shortcourse was expanded to include a second companion course to be held annually on the
Mississippi Gulf Coast.

With the adoption of operator certification regulations in 1987, MDEQ’s role was somewhat changed to that of
enforcement in addition to providing training. Today the agency continues to sponsor two (2) week-long
shortcourses, numerous workshops, and on-site consultation to operators. In addition, many opportunities are now
available through other training vendors. It should be remembered that the training opportunities available to today’s
wastewater operators are the result of the groundwork laid by Don Scott and Tom Anthony almost thirty (30) years
ago. Because of their vision and efforts, the training opportunities available to operators in the State of Mississippi
are acknowledged and respected nationwide.



PREFACE

The first edition of this manual was prepared in 1984 for the Bureau of Pollution Control of the Mississippi
Department of Natural Resources. Compilation of the initial manual was a joint effort of certain personnel of the Bureau
of Pollution Control and the firm of Engineering Service of Jackson, Mississippi, who was under contract to said Bureau.
The principal author was W. Carroll Murphy, P.E. of Engineering Service whose primary tasks were development and
preparation of the manuscript. Editors and contributing authors were Donald R. Scott, Thomas Anthony, Jr., Donald R.
Cooley and Larry V. Murphree of the Bureau of Pollution Control.

In 1992, the Office of Pollution Control of the Mississippi Department of Environmental Quality contracted with
the firm of Engineering Service of Jackson, Mississippi, to make certain revisions to the first edition of the manual.
Under said contract, revisions were made to Chapters 3, 5, 7, 8, 12 and 13 of the manual. W. Carroll Murphy of
Engineering Service was the principal author of the revised manuscripts. Donald R. Scott was sub-contracted by
Engineering Service for the purpose of editing the revisions, compiling information and literature, and serving as a
contributing author.

The compilation of the revised (second) edition of the manual involved the efforts of several persons in the
employ of Engineering Service and the Office of Pollution Control. Special acknowledgment is due Phillip Bass, Larry
Murphree, Nick Gatian, and Russell Lyons of the OPC for their technical assistance and editorial suggestions. Their
availability throughout the compilation process is genuinely appreciated. Thanks are offered to Monica Motley of
Engineering Service for her competent word processing of the entire manuscript; and to Frank Phillips and Tim Parker
for their proofreading of same.

In 1996, Chapter 14, “Introduction to Wastewater Laboratory” was written and compiled by Phil Bass, Larry
Murphree, Nick Gatian and Rusty Lyons of MDEQ/OPC as an addition to the second edition of the manual.

In 1998, the Office of Pollution Control contracted with W. Carroll Murphy of Engineering Service to author
Chapter 15, “Facilities Management”. This addition, and associated exam questions, were successful in MDEQ’s efforts
to gain full reciprocity with the Association of Boards of Certification’s (ABC) highest level (Class IV) of certification.

The (4™) edition of the Mississippi Wastewater Facilities, Operations and Training Manual, completed in
2001, contains very few revisions in the text, but does include new photographs. It has also been re-formatted to make
it easier and less expensive to reproduce.

The latest (5™) edition (2007) contains revisions to Chapter 6, Advanced Treatment, authored by W. Carroll
Murphy , the original principal author of this manual. Chapter 15, Management, has also been updated to include
information on emergency management in accordance with the National Incident Management System (NIMS) and site
security measures.

A companion Study Guide consisting of quizzes for each chapter and practice math problems is available for
those preparing for the Mississippi Pollution Control Operator Certification examination. To obtain an order form, visit
the MDEQ website www.deq.state.ms.us or contact the regional Operator Trainer in your area.

The manual and study guide are also available on CD ROM. We hope to make any future changes and revisions
available on the MDEQ website.
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CHAPTER 1

INTRODUCTION AND USER GUIDE

1-1 PURPOSE OF MANUAL

The objective of wastewater collection and treatment is the removal of objectionable material contained
therein from the environment and, by so doing, to create pollution-free conditions in our water and air resources.
Accomplishing this objective will result in the prevention of nuisances and conditions which otherwise might be
harmful or injurious to public health.

Wastewater is produced by man - thus, the responsibility for its collection and treatment must be borne by
man. The treatment of wastewater is essentially an attempt by man to duplicate nature’s processes for decay of
organic matter under controlled conditions. There are numerous processes available for providing this treatment. This
manual has been prepared to assist operators and others involved with the collection and treatment of domestic
wastewater in gaining basic knowledge and information needed to efficiently and effectively achieve their objectives.

The manual is not intended to be a facility “Operation and Maintenance” manual. Instead, it is intended to
serve as a reference source and compilation of basic principles and information which can be incorporated into the
operational practices at a facility. Hopefully, it will provide guidance and instruction to those persons whose

livelihoods depend on understanding and applying sound principles of wastewater treatment facility operations.

1-2 SCOPE OF MANUAL
The manual is intended to provide basic information on a broad range of topics related to the collection and
treatment of domestic wastewater. The scope of topics includes the following:
1. Characteristics of Wastewater,
Treatment Processes,
Flow measurement,
Collection and Pumping Systems,
Records and Reports,
Safety,

Wastewater Laboratory, and

S A A R

Management

The physical, chemical, and biological characteristics of domestic wastewater (sewage) are addressed in
Chapter 2. Chapters 3 through 8 cover the various unit processes involved in wastewater treatment. These processes
include preliminary treatment methods, primary treatment methods, biological treatment processes, advanced
treatment processes, disinfection, and sludge treatment/disposal. The practice of measuring flows at a wastewater
treatment facility is addressed in Chapter 9. Chapters 10 and 11 cover wastewater collection (sewers) and pumping

systems respectively. Records and reports are the subject of Chapter 12; and Chapter 13 addresses safety in
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wastewater collection and treatment systems. An introduction to the wastewater laboratory is discussed in Chapter
14 and management issues are addressed in Chapter 15.

One area of concern which is noticeably, but necessarily, not addressed in the manual is equipment
maintenance. Such a topic, while vital to wastewater operations, is considered to be beyond the scope of the manual
because of the many and varied types of equipment available and the detail to which the manual would have to go
in order to effectively address the topic. Instead, the manual assumes the position that manufacturers’ literature

should be consulted for guidance in equipment maintenance.

1-3 REFERENCES
During the preparation of this manual, numerous references were consulted. Listed in the Appendix are
those references on which much of the technical material presented in this manual is based. Many of these references

were consulted for several topics while others may have served as support material for single topics.
1-4 GLOSSARY

A glossary of common wastewater terms was compiled during the preparation of the manual and is

presented in the Appendix.
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CHAPTER 2

WASTEWATER CHARACTERISTICS

2-1 TERMINOLOGY

Once a community’s water has been used for residential, commercial, industrial, and institutional needs, it
generally is discharged into a sewer system and is referred to as “wastewater”. In a municipal or community system,
wastewater generally originates from domestic and industrial uses. Domestic wastewater is usually called “sewage”
or “sanitary wastes” and is produced from such sources as restrooms, bathing, cooking, washing clothes,
dishwashers, drinking fountains, etc. Industrial wastewater is discharged from manufacturing plants after being used
in the manufacture of a product. The combination of a community’s industrial wastewater and domestic wastewater,
plus any groundwater infiltration or stormwater inflow which enters the sewer system is commonly called “municipal
wastewater.” In many smaller communities in which no industries are located, “municipal wastewater” is made up
only of domestic wastewater and infiltration/inflow.

In this manual, only the characteristics of domestic wastewater, or sewage, will be discussed. The
composition of industrial wastewater is highly variable and dependent on the specific manufacturing processes
involved and is therefore beyond the scope of this manual. Domestic wastewater, on the other hand, is generally more
consistent in its make-up due to the fact that it originates from human uses which vary little from community to

community.

2-2 PHYSICAL CHARACTERISTICS

a.  Temperature

The temperature of sewage is typically a few degrees higher than the water supply because of the addition
of warm water from residential and industrial uses. Specific temperatures vary depending on the geographic location
and characteristics of a community. In most cases, the temperature of sewage will vary from 10°C to 21°C (50°F to
70°F). A significant increase in the temperature of wastewater often indicates the presence of an industrial waste. Also
a significant decrease in temperature many times indicates the presence of groundwater and/or stormwater.

b.  Odor

Odors are generally of more concern to the public than any other wastewater characteristic. Most odors are
caused by gases which are produced when bacteria and other microorganisms utilize the organic matter in wastewater
as a food source. Odors normally can be categorized as either “fresh” or “septic”. Fresh sewage has a distinctive
musty odor which is slightly objectionable but not too offensive. Septic sewage on the other hand is normally very
offensive with a hydrogen sulfide (rotten egg) odor. Septic sewage is void of oxygen; and anaerobic microorganisms
produce the hydrogen sulfide while decomposing organic matter.

C. Color

The color of sewage varies depending on whether “fresh” or “septic” conditions exist. Fresh sewage is

usually gray. As bacteria begin to break down the organic matter in sewage, the dissolved oxygen content is soon
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reduced to zero. When this occurs, septic conditions are created and the color changes to black. Colors such as red,
green, yellow, etc. which might appear in wastewater normally indicate the presence of an industrial discharge.

d.  Solids Content

Because wastewater is comprised of water which has been used for many purposes, it naturally contains a
large quantity of solid matter. The term “solids” includes floating or suspended matter as well as solid matter which
has been dissolved. From the standpoint of the physical condition in which solids exist, there are two types of solid
matter in wastewater - suspended solids and dissolved solids. The sum of suspended and dissolved solids is referred
to as total solids.

Any solids content, whether suspended, dissolved or total, normally has a certain portion which contains
microorganisms or which can be used as food by microorganisms in biological treatment. This portion is organic and
is referred to as volatile solids. The non-volatile portion which is inorganic or inert is called fixed solids. Normally
the suspended solids in raw sewage are 60% to 80% volatile. Dissolved solids are typically 50% to 70% volatile.

Solids are typically measured in units of milligrams per liter (mg/1). Table 2-1 lists typical values of solids

concentrations normally found in raw sewage.

TABLE 2-1

TYPICAL SOLIDS CONTENT

OF
RAW SEWAGE
Concentration (mg/1)
Extremes

Parameter Normal Range Low High
Total Solids*

Total 500 to 750 300 1,000

Volatile 320 to 475 190 750

Fixed 180 to 275 110 400
Dissolved Solids*

Total 300 to 500 200 800

Volatile 180 to 300 120 500

Fixed 120 to 200 80 300
Suspended Solids*

Total 200 to 250 100 350

Volatile 140 to 175 70 250

Fixed 60 to 75 30 100

*NOTE: Total Solids = Total Dissolved Solids + Total Suspended Solids
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2-3 CHEMICAL CHARACTERISTICS

a. Organic Content

The pollution-causing component in sewage is organic matter. Organic matter is normally composed of a
combination of carbon, hydrogen, and oxygen. Other important elements such as nitrogen, sulfur, and phosphorus
may also be present. The main groups of organic substances found in wastewater are proteins, carbohydrates, fats and
oils. Proteins are the principal components of all animal organisms. Carbohydrates are widely distributed in nature
and include such common substances as sugars, starches, cellulose, and wood fiber. Fats and oils are compounds
comprised of alcohol or glycerol with fatty acids. They are contributed to wastewater from such sources as butter,
lard, margarine, and vegetable oils. Fats are also found in meats, seeds, nuts, and certain fruits. Petroleum products,
which contain primarily carbon and hydrogen, many times are contributed to sewers from shops, garages, and streets.

The organic content of a wastewater can be measured by several different laboratory tests. The most
common test is for 5-day biochemical oxygen demand (BODj), which is simply a measure of the amount of oxygen
utilized by microorganisms for the biochemical stabilization of organic matter during a 5-day period at a temperature
of 20°C. Other tests which can be used to evaluate organic content include volatile solids, total organic carbon (TOC),
chemical oxygen demand (COD), organic nitrogen, and oil/grease. Table 2-2 contains typical values of the organic

content of raw sewage as measured by the aforementioned analyses.

TABLE 2-2
TYPICAL ORGANIC CONTENT
OF
RAW SEWAGE

Concentration (mg/l)

Extremes
Parameter Normal Range Low High
5-Day Biochemical Oxygen
Demand (BOD) 200 to 250 100 400
Total Organic Carbon 150 to 175 80 300
(TOC)
Chemical Oxygen Demand 450 to 550 250 1,000
(COD)
Volatile Solids
Total 320 to 475 190 750
Dissolved 180 to 300 120 500
Suspended 140 to 175 70 250
Organic Nitrogen 15 to 20 5 40
Oil/Grease 80 to 120 50 150
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b. pH

The pH of wastewater is important because biological treatment is difficult to achieve if the pH is not within
an acceptable range. The pH of a substance is the concentration of hydrogen and hydroxyl ions and, as such, is a
measure of how acidic or alkaline that substance is. The pH scale ranges from 1 to 14 with 7 being neutral. Values
less than 7 are acidic and those greater than 7 are alkaline. The pH of a wastewater is influenced by the pH of the
natural water supply as well as the purposes for which the water is used before being discharged as wastewater.
Typically, the pH of raw sewage will be in the range of 6.5 to 8.5. When the pH of wastewater is less than 6 or greater
than 9, operational problems are often experienced at the treatment facility which treats the wastewater.

c. Nitrogen

The element nitrogen is an essential ingredient in the growth of living organisms. In raw sewage, nitrogen
normally exists as organic nitrogen and ammonia nitrogen. In most instances, the ratio will be about 60% ammonia
and 40% organic. Organic nitrogen is usually quickly converted to ammonia nitrogen by the bacterial action which
occurs in biological treatment processes. The sum of ammonia nitrogen and organic nitrogen is called total Kjeldahl
nitrogen (TKN). Forms of nitrogen such as nitrite and nitrate normally do not exist to any noticeable degree in

domestic wastewater. Table 2-3 contains typical concentrations of those forms of nitrogen usually found in raw

sewage.
TABLE 2-3
TYPICAL NITROGEN CONTENT
OF
RAW SEWAGE
Concentration (mg/l)
Extremes
Parameter Normal Range Low High
Total Kjeldahl Nitrogen 35to 45 20 85
(TKN)
Organic Nitrogen 15 to 20 5 40
Ammonia Nitrogen 20 to 25 15 45
Nitrate Nitrogen 0 0 Trace
Nitrite Nitrogen 0 0 Trace
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d. Phosphorus

Phosphorus, like nitrogen, is essential to biological growth processes. Its presence in domestic wastewater
is typically in a concentration range of 6 to 10 mg/l. Occasionally, the content may range as low as 3 to 4 mg/l and
as high as 15 to 20 mg/1.

e. Gases

Raw sewage usually contains various amounts of such gases as nitrogen (N,), oxygen (O,), carbon dioxide
(CO,), hydrogen sulfide (H,S), ammonia (NH,), and methane (CH,). Nitrogen, oxygen, and carbon dioxide are
common atmospheric gases and are present due to exposure to air. Hydrogen sulfide, ammonia, and methane are
present as a result of bacterial decomposition of the organic matter in wastewater.

f. Other Constituents

Other significant chemical constituents which are found in raw sewage include chlorides, sulfur, heavy
metals, and toxic compounds. Chlorides originate from such sources as groundwater, household wastes, industrial
wastes, and the natural content in a community’s water. Chloride concentrations typically range from 40 to 60 mg/1
in domestic wastewater, not including the amount naturally present in the domestic water supply.

Trace amounts of sulfur will be present due primarily to the natural content in the domestic water supply.
Heavy metals and toxic compounds are frequently found in a community’s wastewater in small amounts, and
invariably can be found to originate from an industrial process. Examples of heavy metals which are frequently
present include nickel, lead, chromium, cadmium, zinc, copper, iron, and mercury. Common toxic substances which

are often discharged to sewers include phenols, acids, pesticides, and herbicides.

2-4 BIOLOGICAL CHARACTERISTICS

Wastewater generally contains organisms from each of the three (3) principal classes of living organisms:
protista, plants, and animals. Protista includes such organisms as bacteria, algae, fungi, and protozoa. Plants
associated with wastewater include ferns, mosses, liverworts, and seed plants. Animals commonly associated with
wastewater are usually restricted to worms, rotifers, and crustaceans. The extent to which these various organisms
exist in wastewater depends largely on whether or not the wastewater is treated or untreated. In raw sewage, the
principal organisms present are bacteria. Bacterial counts in raw wastewater can be expected to range from
500,000/ml to 5,000,000/ml. Other organisms such as viruses, protozoa, and worms are often present, but their
concentrations are usually negligible.

The bacteria present in raw sewage are primarily those which can live with or without oxygen and which
require organic matter as a food source. Included in this group are disease producing bacteria called pathogens which
originate in human and/or animal wastes. Pathogens in wastewater can cause such diseases as typhoid, dysentery,
diarrhea, and cholera. Also, naturally present in wastewater are Fecal Coliform bacteria (E. Coli) which originate in
the intestinal tract of warm blooded animals. These bacteria are not harmful to humans, but their presence indicates
the possibility of pathogens. For this reason, the Fecal Coliform test is widely used, particularly on treated

wastewater, as a measure of pathogen-free conditions.
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2-5 SEWAGE QUANTITIES

The quantity of sewage contributed to a sewer system is influenced by the habits and practices of those who
use the system. Exclusive of industrial wastes, the average wastewater discharge from domestic sources in most
communities in Mississippi amounts to approximately 60 to 80 gallons per person per day. A higher figure of 100
gallons per day is commonly used for design purposes to allow for unknown conditions and groundwater infiltration.

The flows contributed from industrial users vary considerably depending on the type and size of industry.
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CHAPTER 3

PRELIMINARY TREATMENT

3-1 ROLE OF PRELIMINARY TREATMENT

As wastewater leaves a sewer system and is discharged into a treatment plant, the first treatment normally
provided is “preliminary” treatment or “pre-treatment” as it is often called. As the first step in the treatment of
sewage, adequate preliminary treatment is necessary if a high quality effluent is to be produced. The overall
performance of a plant is dependent on each component functioning properly as a complete system. If adequate
primary treatment is not provided, the performance of all treatment components which follow will be less efficient;
and the results will be an effluent of poorer quality. Except for lagoon systems, most sewage treatment facilities
contain some type of preliminary treatment.

Preliminary treatment is a necessary first step in a wastewater treatment plant. Its role is to remove
substances that would otherwise cause operational and/or maintenance problems with the major treatment processes
in a plant. Substances typically removed by preliminary treatment include coarse solids (rags, garbage, metal, sticks,
cans, plastic items, etc.,); sand and gravel; and oil and grease. Inadequate removal of such substances will usually
produce one or more of the following conditions:

Interference with biological treatment,
Reduction in settling efficiency in clarifiers,
Interference with disinfection,

Increased maintenance problems with pumps and chain drives, and

M

Increased housekeeping problems.
Because of the lack of mechanical and moving parts, most lagoon systems typically do not contain preliminary
treatment systems unless a specific need such as an industrial waste or an unusual wastewater characteristic requires
the removal of certain substances ahead of the lagoon.
Preliminary treatment methods vary depending on the type and size of treatment plant and the characteristics
of the wastewater being removed. Those methods commonly used in municipal wastewater treatment plants include:
1. Screening,
Comminution,
Grit Removal,
Oil and Grease Removal,
Pre-Aeration,
Flocculation,
Neutralization,

Chlorination, and

Rl A L e

Flow Equalization.
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Preliminary treatment facilities at a treatment plant may include any one or a combination of these methods. In
addition other methods are often utilized to pretreat industrial wastewaters prior to their discharge to a sanitary sewer

system.

3-2 SCREENING

Probably the most common preliminary treatment method utilized is a system of bar racks or screens. These
devices serve to protect plant equipment by removing coarse matter such as rags, garbage, metal, sticks, cans, plastic
items, etc. Removal of such substances prevents clogging of pipes, ports, weirs, orifices, nozzles, pumps, etc. and
interference with moving parts such as chains, sprockets, shafts, wheels, etc.

Screens are usually classified as either “coarse” or “fine” based on the size of openings provided. A “coarse”
bar screen consists of a rack of vertical or inclined steel bars spaced at equal intervals across a channel as shown in
Exhibit 3-1. Spacings between bars typically range from 1-inch to 6-inches, with 1 to 2 inches being a common range
for most municipal treatment plants. Bar screens with spacings larger than 2-inches are often inclined at an angle of
45° to 60°. Most systems are designed so that the velocity of flow as it enters the bar screen is in the range of 1 to 2
feet per second at average flow. Bar screens can be constructed for manual cleaning or installed with mechanical

cleaning devices. Exhibit 3-2 shows mechanically cleaned screens.

EXHIBIT 3-1
MANUALLY CLEANED BAR SCREEN
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EXHIBIT 3-2
MECHANICALLY-CLEANED SCREENS

“Fine” screens usually have openings in the range of 0.009-inch to 0.126-inch (approximately 1/100th to
1/8th inch). Instead of bars, fine screens are often constructed of drums or discs. Disc screens usually consist of a
vertical circular screening surface which rotates on a horizontal shaft. Drum screens are normally constructed to
rotate on a horizontal axis with the drum partially submerged. Exhibit 3-3 illustrates disc and drum screens.

The material retained on screens is normally referred to as “screenings.” This material must be removed
from the screens and regularly disposed of in a satisfactory manner. Failure to remove screenings regularly and
routinely can result in the following:

1. Velocity of flow through the screen will be reduced which will produce settling of solids in the
approach channel and create odors.

2. Debris (screenings) will be pushed through the screen and flow to the next process.

3. Nuisance conditions from odors and insects will increase.
Screenings can be removed manually with a handrake or mechanically depending on the type of equipment installed.
After removal from a screen, screenings are commonly placed in a closed container such as a trash can or similar
container and then regularly disposed of by burying under a minimum of 6-inches of soil or placing in a landfill.

Other disposal methods sometimes used include incineration and anaerobic digestion.
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The quantity of screenings collected by a screen is directly dependent on the size of the openings in the
screen. For example, for typical coarse bar screens, the quantity of screenings usually varies from about 3 to 5 cubic
feet per million gallons of sewage for 1-inch openings to about 1 to 2 cubic feet per million gallons for 2-inch
openings. Obviously, more screenings will be retained by smaller openings than larger openings.

The composition of screenings is highly variable. Practically everything imaginable has been found on bar
screens. Examples include commonly expected items such as cans, leaves, sticks, bricks, and rags as well as
unexpected items such as false teeth, silverware, books, and money. Fecal matter is not a common component in
screenings since it generally is contained in dissolved matter or fine solids. However, a large portion of screenings is
organic in content and will decompose and produce odors. Screenings removed by coarse screens usually weigh

about 60 pounds per cubic foot.

3-3 COMMINUTION

Comminutors or grinders are common devices located at sewage treatment plants. Their purpose is simply
to shred or grind solid material into very small pieces and by so doing to produce two benefits for treatment processes
which follow. First, shredding the large particles into small pieces prevents clogging of pumps, weirs, nozzles,
orifices, chain drives, etc. Secondly, reduction of the size of particles makes the particles, many of which are organic
in content, easier to treat. Shredded particles usually range in size from about Y4-inch to about ¥4-inch. Exhibit 3-4
shows a typical comminutor. Comminutors are usually installed in parallel with a bar rack so that solids can be
screened when the comminutor is out of service.

It is absolutely essential that comminutors be lubricated, adjusted and sharpened on a regular basis in strict
accordance with the manufacturer’s recommendations. Care should be routinely taken to remove any grit or debris
which might collect around a comminutor and reduce its cutting efficiency.

There are certain types of comminution devices which provide a combination of screening and cutting in a

single device. Exhibit 3-5 depicts such a device.

34 GRIT REMOVAL

Such material as sand, gravel, cinders, egg shells, bone chips, coffee grounds, etc. is generally referred to as
“grit.” Removal of this material from wastewater is highly desirable and usually results in the following benefits
being produced:

1. Moving mechanical parts such as pump impellers and chain drives are protected from abrasion and
wear.

2. Deposits of grit in pipelines, troughs, channels, hoppers, and tanks are reduced.

3. Frequency of cleaning tanks such as digesters, clarifiers, aeration basins, and chlorine contact basins
is reduced.

There are numerous types of grit removal systems in use at wastewater treatment plants. The particular type of
equipment installed is usually decided by the engineer who designs a plant. The two most common methods of grit

removal are as follows:
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Aerated Grit Chamber - This type system operates on a basis of utilizing air to create a spiral flow
pattern in a tank. The velocity of the spiral flow is adjusted by controlling the quantity of air entering
the tank. A velocity is maintained that will allow particles with a unit weight approximately equal to
that of sand (Specific Gravity = 2.65) to settle. The grit removed by the spiral flow can be removed
by various devices such as bucket assemblies, screw conveyors, or air lifts. Exhibit 3-6 shows the
details of a typical aerated grit chamber.

Non-Aerated Grit Chamber - This type system operates on the basis of maintaining flow velocity in
the range of 0.7 to 1.4 feet/second. An average velocity of 1.0 foot/second is usually the basis on
which most systems are designed. At this velocity, all settleable matter with a unit weight
approximately equal to that of sand (Specific Gravity = 2.65) will settle. At velocities significantly less
than 1.0 foot/second, much of the organic matter will settle in the grit chamber instead of passing to
the downstream biological treatment process. If the velocity is significantly greater than 1.0
foot/second, the “grit” will remain in suspension and not settle. The control of the velocity through the
chamber is critical. Velocity is commonly controlled by such devices as Sutro proportional weirs or a
Parshall flume located at the discharge end of the chamber. The actual chamber can be constructed in
various shapes including rectangular and circular troughs. Grit which settles in the bottom of the
chamber is normally removed manually or mechanically by either a bucket with chain drive or by
screw conveyors. One of the most common types of non-aerated grit chambers is the horizontal flow
channel illustrated in Exhibit 3-8.

AERATED GRIT CHAMBER

NON-ERATED HORIZONTAL FOW
GRIT CHAMBER

NON-AERATED CIRCULAR FLOW GRIT CHAMBER

EXHIBIT 3-7
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When practical, grit removal units are normally located ahead of screens, comminutors, and pumps.
However, many are sometimes located after influent pump stations at treatment plants because of the excessive depth
required for installation ahead of the pumps.

The quantity and composition of “grit” varies greatly and is affected by the type and physical condition of
the sewer system. Combined sewers which receive both sewage and storm water will naturally have large quantities
of grit from the storm water. Similarly, a sanitary sewer in poor condition which experiences serious
infiltration/inflow will receive larger quantities of grit than a system in good condition with minor I/T problems. The
actual quantity removed at treatment plants varies considerably, depending on the characteristics and location of the
sewers. The quantities may range from less than 1 cubic foot/million gallons of sewage to more than 15 cubic
feet/million gallons. Factors which influence the composition of grit include types of street surface and maintenance
frequency, size of area served, amount of storm water entering sewers, sewer grades, soil and groundwater
conditions, quantity and characteristics of industrial wastes, and extent of use of household grinders.

Once grit has been removed from wastewater, it must be collected and disposed of in a safe and satisfactory
manner to prevent odors and nuisance conditions. It is usually collected into a truck, trailer, or smaller container for
transporting to the place of disposal. Sanitary landfill disposal or on-site burial is desirable when permitted. Other
acceptable methods of disposal include lagooning and land spreading. Odors can be produced when lagooning or land

spreading is used unless the grit contains less than 2% to 3% organic matter. Exhibit 3-9 shows various facilities for

collecting grit for final disposal.

EXHIBIT 3-9

COLLECTION OF GRIT FOR FINAL DISPOSAL
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3-5 OIL & GREASE REMOVAL

Oil and grease in excessive amounts can coat microorganisms, thereby interfering with biological treatment
and creating nuisance conditions for operational personnel. It is generally estimated that 1 mg/1 of oil and grease is
equal to a 5-day BOD of 2 mg/l. Therefore, if the wastewater entering a treatment facility contains large amounts of
oil and grease, it is common to install removal facilities as preliminary treatment ahead of a biological process. Most
sewer ordinances require oil and grease concentrations to not exceed 100 mg/l. When values are expected to exceed
the requirements of a community’s sewer ordinance, oil and grease removal should be included as a part of
preliminary treatment.

Commonly used methods of oil and grease removal in municipal systems include:

1. Grease Traps - These devices consist of small skimming tanks located at or near the source of oil and
grease. Common sources include cafeterias, hospitals, and industries. In these systems, the oil and
grease is allowed to float to the top after a detention of about ten (10) to thirty (30) minutes. The flow
then leaves the trap from below the surface free of significant amounts of oil and grease.

2. Skimming Tanks - Skimming tanks operate on virtually the same principle as grease traps, which is
to provide conditions where the oil and grease will float to the surface. However, these units are larger
and usually located at the treatment plant. They are sized for typical detention times of one (1) to
fifteen (15) minutes. Skimming devices are installed to skim the collected oil and grease from the
surface. Flow, free of significant amounts of oil and grease, leaves the skimming tank from a deep
outlet protected by baffles.

3. Air Flotation - This method is a process of removing oil and grease by using finely diffused air to float
oil and grease particles to the surface. Once collected on the surface, the oil and grease is removed by
skimmers. This system is commonly used by industries or at treatment plants when larger quantities
of oil and grease are normal.

Oil and grease removed from grease traps can be disposed of by burying or placing in a sanitary landfill

when permitted. Oil and grease removed at treatment plants are typically placed in a digester.

3-6 PRE-AERATION
Occasionally a need will arise at a wastewater treatment facility in which it becomes necessary or desirable

to aerate the raw wastewater ahead of the major treatment process. This can be done at the treatment facility or within
the collection system. Such preliminary treatment is called “pre-aeration;” and it simply involves injecting air into
the influent at some point ahead of the major treatment processes. Usually, pre-aeration is provided to freshen septic
wastewater and thereby produce the following benefits:

1. Prevent septicity and odors,

2. Improve uniform distribution of suspended and floating solids, and

3. Improve treatability.

3-7 FLOCCULATION

Flocculation is a process in which certain chemicals called flocculants are added to wastewater to improve

its settling characteristics. The flocculants cause the settleable particles to join together to form “flocs” which are

3-12



heavy enough to settle. Common chemicals used in flocculation processes include alum, lime, ferric chloride, and
polymers.

Flocculation is usually used as a preliminary treatment method at municipal treatment plants when one or
more of the following conditions exist:

1. Characteristics of wastewater is such that poor settling occurs in the primary and/or secondary
clarifiers.

2. A need exists to increase settleability ahead of biological treatment to remove solids in heavy
industrial wastes.

3. Aneed exists to simply improve the overall efficiency of a plant with a heavy organic load.
The chemicals must be injected into the wastewater in a well-mixed state so that the flocculation process will be

adequately distributed. Usually, a mixing device such as a chemical feed flash mixer, air jet, or paddle wheel is used.

3-8 NEUTRALIZATION

The pH of a wastewater can be a critical factor in the performance of a wastewater treatment facility.
Extreme pH values can seriously upset biological treatment processes. When the wastewater contains only sewage
and infiltration/inflow, the pH is typically in a reasonably neutral range and needs no preliminary adjustment prior to
treatment. However, if certain types of industrial wastes are present, the pH may need adjustment either at the source
of the industrial wastewater discharge or at the treatment plant. In most instances, the adjustment should occur at the
source of the waste discharge into the sewer system.

Neutralization is the addition of a chemical to adjust the pH of a wastewater to a reasonably neutral value.
A pH of 7.0 is exactly neutral - it is not too acidic or too alkaline. The basic purpose of neutralization is usually to
adjust the pH to as near 7.0 as is practical, or at least to within an acceptable range as allowed by a community’s
sewer use ordinance. Chemicals used to neutralize a wastewater depend on the direction of pH adjustment needed.
If the pH is low, an alkaline substance will be needed to raise the pH. Conversely, an acidic substance will need to

be added if the pH is high.

3-9 CHLORINATION

Chlorination is a process normally associated with effluent disinfection following biological treatment.
However, occasionally a need arises for chlorination ahead of the major treatment process in a plant. The use of
chlorine in this manner is often referred to as “pre-chlorination.” It is usually used to help control oil and grease,
odors, corrosion, or slime growths. The point of application varies with the purpose of the chlorination, but it
generally involves the injection of a chlorine solution into the wastewater just as in effluent disinfection. Pre-
chlorination must be carried out very carefully by experienced personnel because excessive dosages can destroy the

microorganisms so vital to a biological treatment process.
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3-10  FLOW EQUALIZATION

Shock hydraulic loads caused by sudden and severe variations in flow can upset biological treatment
processes and reduce treatment efficiencies. In systems which experience severe inflow problems, the flow through
a plant may exceed average daily flow by several times during heavy rainfalls. To offset the effect of extreme flows,
“flow equalization” can be used to dampen or “smooth out” peak flows.

Flow equalization is usually achieved at the head of a plant by using a storage tank, basin, or pond to receive
the larger volumes of flow. The stored flow is then released to the main treatment processes gradually so that a more
constant rate of flow is achieved. By equalizing the flow in this manner, hydraulic overloading is prevented and a

more efficient treatment process is produced.

3-11 SEWER USE ORDINANCE

Although it can not be technically classified as a “preliminary treatment” method, a properly written and
strictly enforced sewer use ordinance can do much in the “preliminary” stages of wastewater collection and treatment
to assure that a treatment facility can perform in an efficient manner. It does this by restricting the quantity and quality
of substances placed in a sewer system. A strictly enforced sewer ordinance can eliminate the need for certain
preliminary treatment facilities at a community’s treatment plant simply by preventing certain substances from being
placed in the sewer or by limiting the quantity and/or concentration of that substance. A sewer ordinance is
particularly effective in controlling industrial wastes that are discharged to a community sewer system.

Examples of substances prohibited from being placed in a sanitary sewer system by a typical municipal
sewer ordinance are as follows:

1. Any liquid or vapor having a temperature higher than 150°F (65°C).

2. Any water or wastes containing fats, wax, grease, or oils, whether emulsified or not, in excess of one
hundred (100) mg/1 or containing substances which may solidify or become viscous at temperatures
between 32°F and 150°F (0 and 65°C).

3. Any waters or wastes containing strong acid, iron pickling wastes, or concentrated